High resolution infrared emission spectra of beryllium monohydride and monodeuteride have been recorded. The molecules were generated in a furnace-discharge source, at 1500°C and 333 mA discharge current, with beryllium metal and a mixture of helium and hydrogen or deuterium gases. Approximately 160 BeH lines and 167 BeD lines for the vibrational bands vϭ1→0 to vϭ4→3 were observed in the spectra and spectroscopic constants were determined. The Dunham constants (Y l,m ) and Born-Oppenheimer breakdown constants were obtained in a combined fit of the BeH and BeD data. The equilibrium rotational constants (B e ) for BeH and BeD were found to be 10.319 59͑3͒ cm Ϫ1 and 5.688 29͑2͒ cm Ϫ1 , respectively, while the equilibrium vibrational constants ( e ) are 2061.416͑3͒ and 1529.956͑3͒ cm Ϫ1 . The equilibrium distance (R e ) was determined to be 1.342 436͑2͒ Å for BeH.
INTRODUCTION
The BeH molecule is one of the lightest diatomics with only five electrons. BeH is, therefore, a popular target for ab initio calculations and is often used to test new methods for open-shell systems.
1,2 Because beryllium-containing compounds are highly toxic, 3 BeH has been less studied experimentally. The previous work on BeH and BeD was recently reviewed by Focsa et al., 4, 5 who measured new high resolution emission spectra of the A 2 ⌸ -X 2 ⌺ ϩ transitions of BeH and BeD with a Fourier transform spectrometer. Since this work was published in 1998, no new experimental results have been reported, but a number of theoretical papers have been published. For example, a new ground state potential energy curve of BeH was calculated by Martin 6, 7 using high level ab initio methods. Machado et al. 8 have calculated transition dipole moment functions and radiative transition probabilities for A 2 ⌸ -X 2 ⌺ ϩ and C 2 ⌺ ϩ -X 2 ⌺ ϩ systems of BeH, and some calculations on the nature of the Rydberg states have been carried out. 9, 10 In spite of this considerable interest in BeH, no vibration-rotation or pure rotation spectrum has been recorded. The existing infrared spectrum is based on BeH trapped in an argon matrix. 11 We have now recorded the first vibration-rotation spectrum of gaseous BeH and BeD. The spectra were recorded in emission using a new molecular source that combines a high temperature furnace with an electrical discharge.
EXPERIMENTAL DETAILS
The high resolution infrared emission spectra of BeH and BeD were recorded with a Bruker IFS 120 HR Fourier transform spectrometer. A new emission source with an electrical discharge inside a high temperature furnace was used to make the molecules. Powdered beryllium metal ͑about 5 g͒ was placed inside a zirconia boat in the center of an alumina tube ͑5 cmϫ120 cm͒. The central part of the tube was heated to 1500°C by a CM Rapid Temp furnace, and the end parts were cooled by water and sealed with CaF 2 windows. A slow flow of helium ͑about 20 Torr͒ and hydrogen or deuterium ͑a few Torr͒ was passed through the cell. Two stainless steel tube electrodes were placed inside the cool ends of the tube, and a dc discharge ͑2.5 kV, 333 mA͒ was struck between them. A CaF 2 lens was used to focus the emitted light from the source into the entrance aperture of the spectrometer.
Two spectra for BeH and BeD were recorded in the 16 000-32 000 cm Ϫ1 ͑visible͒ region using a visible quartz beamsplitter and a photomultiplier tube detector. In these spectra we observed the A 2 ⌸ -X 2 ⌺ ϩ transitions, and we optimized the experimental conditions to obtain the best signal. We then switched to a CaF 2 beamsplitter, evacuated the spectrometer and changed the detector to either InSb or HgCdTe.
A BeD spectrum was recorded in the spectral region of 1200-2200 cm Ϫ1 at an instrumental resolution of 0.03 cm Ϫ1 using a liquid nitrogen-cooled HgCdTe ͑MCT͒ detector, and 200 scans were added. The spectral bandpass was set by the CaF 2 beamsplitter and a 2200 cm Ϫ1 longwave pass filter.
Two BeH spectra were recorded ͑200 scans each͒: the first one with the same conditions as for BeD, but for the second one we used a liquid nitrogen-cooled InSb detector in the spectral region of 1800-2900 cm
Ϫ1
. In this case the bandpass was set by the detector and a 2900 cm Ϫ1 longwave pass filter. Atomic and molecular emission lines were present in the spectra, as well as absorption lines from atmospheric CO 2 and H 2 O. The signal-to-noise ratio for the strongest BeH lines was about 350. 
RESULTS AND DISCUSSION
The strongest emission lines in the overview spectrum recorded with the InSb detector ͑Fig. 1͒ are the R branch lines of the BeH vϭ1→0 band. Nearly all of the emission lines above 2240 cm
Ϫ1
, and many lines in the 1900-2200 cm Ϫ1 region are from the antisymmetric stretching mode 3 ͑and several hot bands͒ of BeH 2 . 12 Atmospheric CO 2 absorption lines can be seen near 2350 cm
Ϫ1 . An expanded portion of the R branch of the fundamental band of BeH is shown in Fig. 2 . This spectrum had channeling in the baseline that we could not eliminate in spite of our efforts. Most of P branch lines fell below the 1800 cm Ϫ1 cutoff of InSb detector and had to be recorded with the MCT detector. The overview spectrum in the MCT region ͑Fig. 3͒ contained many P branch lines, as well as strong atmospheric H 2 O absorption. All of the BeD lines fell in the MCT region. The strongest emission lines in the BeD spectrum ͑Fig. 4͒ are from BeD vϭ1→0 band, and nearly all the emission lines above 1680 cm Ϫ1 are from the antisymmetric stretching mode 3 ͑and a few hot bands͒ of BeD 2 . 12 Line positions in the spectra were determined using the WSPECTRA program from Carleer ͑Université Libre de Bruxelles͒. The BeH spectra were calibrated using impurity CO emission lines, and the BeH lines ͑EPAPS 13 ͒ have an absolute accuracy of better than 0.001 cm Ϫ1 . The calibration of BeD spectrum was based on five common lines in the BeH and BeD spectra in the 1200-2200 cm Ϫ1 region. The spectra of both BeH and BeD contained the fundamental vϭ1→0 band, as well as three hot bands: 2-1, 3-2, and 4 -3. Assignment of the bands was carried out using a color LoomisWood program.
The ground state of beryllium monohydride is X 2 ⌺ ϩ state, but no spin-splitting was observed in the spectra, and the lines were fitted using a 1 ⌺ ϩ state energy level expression using Le Roy's DSPARFIT program.
14 The spectroscopic constants in Tables I and II for both molecules were determined by fitting the lines to the customary expression for rotational energy levels:
BeH lines were also fitted using the Dunham energy expression,
to yield the constants given in Table III . In this fit both isotopomers were included, and Born-Oppenheimer breakdown constants were derived. The Dunham constants of two isotopomers of the A -B molecule are related via
.
͑3͒
The ␦ 's are the Born-Oppenheimer breakdown parameters for the atoms A and B with masses M A and M B , and 's are reduced masses. The index 1 is for the main ͑reference͒ isotopomer and ␣ is the index for the other isotopomer͑s͒.
In the BeH/D case, Eq. ͑3͒ is simpler because beryllium has only one naturally occurring isotope 4 9 Be:
The Dunham constants for BeD in Table III are derived by calculation from the BeH constants and the BornOppenheimer breakdown constants (␦ l,m H ). The technique of sequential rounding and refitting 15 has been applied to the constants of Table III to minimize the number of digits. Of course, the derived Dunham constants for BeD ͑Table III͒ will require more digits as determined by the parameter sensitivities. 15 The new BeH constants are in good agreement with the ab initio calculations by Martin. 7 In those calculations, he included the adiabatic correction ͑diagonal correction to the Born-Oppenheimer approximation͒ to the energy and obtained equilibrium constants close to the experimental ones. The nonadiabatic correction, which is of equal significance, was not included in his calculations. Our constants for BeH differ substantially from the previous experimental constants of Focsa et al. 4 ͑See Table IV͒ . There are three reasons for such differences.
͑1͒ The precision of our infrared data is better than 0.001 cm Ϫ1 , compared to 0.01 cm Ϫ1 in the previous FTS spectrum of the A 2 ⌸ -X 2 ⌺ ϩ transition. ͑2͒ The vibrational intervals were determined by the ⌬vϭϪ1 bands of the A 2 ⌸ -X 2 ⌺ ϩ transition in an old spectrum recorded with a small classical spectrograph with only moderate resolution. The uncertainty in the relative line positions was 0.1 cm Ϫ1 , and the absolute uncertainty was estimated to be 0.2 cm
Ϫ1
. ͑3͒ In the previous Dunham fit, all data for vϭ0 to v ϭ10 of the ground state were fitted with an eighth-order polynomial for Y l,0 constants and seventh order for Y l,1 . Presumably because of the presence of high-order terms in the Dunham fit, the lower-order terms lost their physical significance.
In the BeD case, the agreement between the new constants and previous experimental constants 5 is more reasonable. However, the Dunham constants determined in the present work represent only the lower half of the potential well. In future work, we will include the previous A 2 ⌸ -X 2 ⌺ ϩ4,5 and C 2 ⌺ ϩ -X 2 ⌺ ϩ16 data for both BeH and BeD in a direct potential fit for the ground state. In this work we will make a grand fit of all available data, discuss the Born-Oppenheimer breakdown constants, and provide con- stants suitable for the whole range of the potential well. Most of the lines in our infrared spectra turned out to be due to BeH 2 or BeD 2 . We have recently published a note on the detection of the 3 band of BeH 2 . 17 The analysis of BeD 2 and BeH 2 hot bands has just been completed, and will be published separately.
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